Metal-mediated DNA damage and cell death: mechanisms, detection methods, and cellular consequences.
The redox activity of metal ions can lead to the formation of highly reactive species that damage DNA, producing different oxidation products and types of damage depending upon the redox potentials of the DNA bases, formation of intermediate adducts, and identity of the reactive species. Other factors are also important in determining the degree of metal-mediated DNA damage, such as localization and redox chemistry of the metal ions or complexes and lifetimes of the reactive oxygen species generated. This review examines the types of DNA damage mediated by first-row transition metals under oxidative stress conditions, with emphasis on work published in the past ten years. Similarities and differences between DNA damage mechanisms of the first-row transition metals in vitro and in E. coli and human cells are compared and their relationship to disease development are discussed. Methods to detect this metal-mediated DNA damage, including backbone breakage, base oxidation, inter- and intra-strand crosslinking, and DNA-protein crosslinking are also briefly reviewed, as well as detection methods for reactive oxygen species generated by these metal ions. Understanding the conditions that cause metal-mediated DNA damage and metal generation of reactive oxygen species in vitro and in cells is required to develop effective drugs to prevent and treat chronic disease.